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Abstract: Santa Rosa watershed, where the Santa Rosa River and Cabuyao River are located, is
growing with increasing urbanization and commercialization in their surroundings. Water quality
monitoring is an important tool in understanding the possible impacts of domestic, industrial, and
commercial discharges, and agricultural run-off on river systems and their tributaries. With the
integration of absorbance and fluorescence measurements, we can further examine the effects of
land use and climate change on dissolved organic matter (DOM) sources found in river systems. In
this study, these two rivers exhibit poor quality with varying values in each sampling station and
period. DOM sources change from terrestrial to endogenous sources within the sampling period.
High aromaticity and molecular size were observed in all downstream sampling stations. This is
supported by the high values of humic-like substances. Fluorescence index values showed temporal
changes from terrestrial to endogenous DOM sources from November 2019 to February 2020. This is
also confirmed by the increasing trend in the biological index. The variation in all sampling stations
can be attributed to varying land use, hydrological, and climatological changes such as typhoon Tisoy,
and Taal Volcano eruption observed during the sampling period.

Keywords: laguna watershed; water quality monitoring; absorbance; fluorescence; land use

1. Introduction

Rivers are important for sustainable water supply for human activities such as agricul-
tural supply, urban run-off, industrial applications, and landscape activities [1-4]. They
also play a big part in maintaining biodiversity for local aquatic plants and animals in the
community. Several river systems are developed to maintain water quality requirements to
provide a healthy and sustainable ecosystem. However, there are studies wherein effluents
from land use and precipitation are some of the factors affecting the dynamics of the water
quality in river systems. According to the Philippines’ Department of Environment and
Natural Resources (DENR) report, domestic sewage, and commercial and industrial wastes
are some of the factors polluting our river systems [5]. Heavy rainfall caused by typhoons
and/or monsoons produced heavy precipitation which impacts the quality and quantity of
terrestrial pollutants from the surrounding land use to river systems. With the growing
population, heavy use of the rivers by people and industry has increased the pollution in
the river systems.
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Different agencies conduct water quality monitoring, and they create projects that help
the community in maintaining good water quality in river systems. Laguna Lake Develop-
ment Authority (LLDA), a local agency, was created to strengthen environmental protection
and authority over the basin’s surface water and river systems. They have programs on
environmental and watershed management, fisheries, and community development that
aim to maintain water quality and activities in rivers located in Laguna [6]. There have
been reports on the water quality status of its rivers and their tributaries throughout the
year [7-10]. Changes in the water quality of regulated rivers have become a problem due
to climate change, and land-use patterns in society.

Conventional physicochemical parameters can characterize the changes in the nutri-
ents in natural waters. River systems are analyzed based on these parameters guided by
water quality standards [11,12]. However, these parameters cannot explore the possible
autochthonous sources found in bodies of water caused by terrestrial pollution and/or cli-
mate change. Recent studies have reported that dissolved organic matter (DOM) is a useful
parameter for correlating and evaluating water quality systems [7,13-21]. These methods
use absorbance ratio which predicts dissolved organic carbon (DOC) [22-26], molecular
weight (MW) [24,27,28], aromaticity [29,30], humification [24,31], hydrophobicity [32], tri-
halomethane formation potential (THMEFP) [33], and DOM sources [34,35]. Other reports
also measure fluorescence DOM, which are rich in carbon, nitrogen, and phosphorus to
evaluate water quality in different aquatic systems [36-38]. The use of excitation-emission
matrix (EEM) fluorescence spectroscopy can also predict compositions and properties of
DOM in aquatic ecosystems which are related to terrestrial sources such as urban run-off,
agriculture, and industry [39—41]. Hence, absorbance and fluorescence measurements of
DOM can quickly provide its sources and compositions at natural concentrations without
complex pretreatments before analysis. These absorbance and fluorescence data can pro-
vide an overview of water quality in the rivers and estuaries while standard water quality
measurements are conducted.

To solve these emerging problems, we aim to understand the influence of the dry
season and land use on the water quality of Sta. Rosa (SR) and Cabuyao (CR) rivers. Water
quality parameters such as pH, electrical conductivity (EC), biochemical oxygen demand
(BOD), dissolved organic carbon, nitrates, phosphates, and suspended solid parameters
were conducted among sampling stations located in SR and CR. The three objectives of
our study were to (1) use absorbance spectra to explore organic pollution sources, (2) use
3D-EEM spectra to determine components of organic pollution and their impacts on the
two rivers, and (3) understand the influence of the dry season and land use on water
quality. These findings can provide significance in understanding river systems. They can
be used as a guide in improving assessment and management practices sponsored by the
government and private sectors which serves as a basis to control terrestrial impacts in
the waters.

2. Materials and Methods
2.1. Study Area

Laguna province has two distinct seasons: the dry season from November to April
and the wet season during the rest of the year. The dry season may be subdivided into
(a) cool dry season, from December to February; and (b) hot dry season, from March to
May. It is classified under the Koppen climate classification as having a tropical monsoon
climate around areas of Calamba to Calauan, while Binan to Cabuyao is classified as a
tropical savanna climate while the area from Luisiana to Pangil has a tropical rainforest
climate [42].

Sta. Rosa river and Cabuyao river are in the province of Laguna, Calabarzon region in
Luzon, Philippines. Laguna covers a total area of 1917.85 km? and engulfs the southern
shores of Laguna de Bay [43]. Cabuyao and Sta. Rosa are first-class urbanized cities in
the province of Laguna. They are in the western portion of Laguna and about 43 km
southeast of Metro Manila. Based on the 2020 Census, Cabuyao city has a total population
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of 355,330 while Sta. Rosa City has a 414,812 total population [44]. The Sta. Rosa watershed
is composed of two municipalities (Cabuyao, Laguna; Silang, Cavite) and two cities (Sta.
Rosa, and Binan, Laguna). The total land area of the Sta. Rosa basin is 115 sq. km (Table 1).
Based on the Hydrology and Hydrogeology Report of Sta. Rosa (2009), the city of Sta. Rosa
comprised 37% of the Sta. Rosa basin and the city of Cabuyao, 25%. In terms of land use
categories, Sta. Rosa holds most of the grasslands in the whole watershed, however, these
are temporary due to the increasing property development in the city. Sta. Rosa’s land
use is currently transformed from an agricultural town to a major residential, industrial,
commercial, and recreational center in the South Luzon region. With this, agricultural
land is found in Cabuyao (10%), followed by Sta. Rosa (9%) while commercial-residential-
industrial are evident in Sta. Rosa (16%) compared to Cabuyao (10%) [45].

Table 1. Watershed area and land use in Santa Rosa (SR) and Cabuyao (CR) Rivers [45,46].

Land Use (%)

River Watershegl Area Itpproﬁi?l:at? C = G Mixed
km ength (km ommercial- rass . ixe .
( ) 8 Residential Lands Industrial Crop Rice Lands
SR 115 27 0.12 0.11 0.04 0.05 0.07
CR 19.5 0.08 0.06 0.02 0.02 0.08
2.2. Sampling Stations and Strategy
Seven sampling stations were selected covering commercial-residential, industrial,
grassland, and rice lands connected to SR and CR. The land-use patterns and coordinates
of the sampling stations are shown in Table 2.
Table 2. Description and land use of the seven sampling stations along with the coordinates.
Station Description Coordinates Land Use Type
. 14°15'12.6023" E Grassland, commercial or industrial, Low
SRU1 Upstream flow of Sta. Rosa River 121°03'14.8066" N residential
. . 14°16'34.3380" E . .
SRM2 Midstream flow of Sta Rosa River 121°4'16.9716" N Low residential
. 14°17'46.9860" E High residential, commercial or
SRD3 Downstream flow of Sta Rosa River 121°7/40.2996" N industrial
. 14°16/32.1385" E High residential, commercial, or
CRU1 Upstream flow of Cabuyao River 121°7'5.5740" N industrial
. 14°17'46.1256" E . .
CRD2 Downstream flow of Cabuyao River 121°7/40.0736" N Cropland, Low residential
. 14°17'47.2644" E . . . .1
SCRC1 Convolution of SR and CR 121°7'41.8080" N High residential, fishing
14°17'52.7532" E . . . . 1
SCRC2 Connected to Laguna Lake 121°7/48 3724" N High residential, fishing

U—Upstream; M—Midstream, D—Downstream.

Surface water samples were collected from the two regulated rivers as illustrated in
Figure 1. The sampling period covers November 2019 to February 2020 which is considered
the dry season.
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Figure 1. Water quality measurements and collection were done from seven sampling locations in SR
and CR. The red arrow represents the water flow from upstream to downstream of both rivers.

The sampling time for the two rivers is one day each month. Weather conditions and
observations were also recorded as shown in Table 3.

Table 3. Weather conditions and observations during the sampling period [47].

Weather Conditions
Sampling Month i
pung Air Temp. (°C) _ Mean Humidity (%) Observations
Precipitation (mm)
November 2019 26 0.08 72 Cloudy
Cloudy; sampling conducted after
December 2019 25 0.99 70 Typhoon Tisoy
(PAGASA typhoon name)
Sunny to Cloudy; sampling conducted
January 2020 27 0.18 74 after Taal Volcano eruption
February 2020 o7 0 75 Cloudy, dusty in some areas due to

the eruption

The average air temperature measured ranges from 25 to 26 °C. The average relative
humidity ranges from 70 to 75 °C from November 2019 to February 2020. Precipitation
measured range from 0 to 0.99 mm. Based on the observations, there were unexpected
events that happened during the sampling, however, these must be recorded for further
analyses. It should be noted that during December 2019, Typhoon Tisoy (PAGASA Typhoon
name) caused heavy rains to fall on Laguna and other parts of the Luzon. In January 2020,
Taal Volcano erupted which spewed ashfall. Laguna is 83 km away from the volcano which
affected the residents and the environment.

2.3. Physiochemical Analyses

In-situ water quality monitoring was conducted to measure pH, DO, EC, and water
temperature using Hach HQ40D/intelliCAL (Loveland, CO, USA) rugged field device.
For the water collection, there are four water sampling preparations conducted. For each
sampling station, half-liter water samples were collected for BOD and DOC tests using
BOD and DOC bottles, respectively. One liter of water sample was collected for nitrates,
total phosphates, and chlorides tests. A half-liter of water sample was collected for oil
and grease measurements. And lastly, another half-liter of water sample was collected for
absorbance and fluorescence measurements. All water collection was based on the standard
water sampling method [11,12]. BOD and DOC were conducted using the grab sampling
method and were sent to the CRL Environmental Corporation laboratory (Angeles City,
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Philippines) for analysis. Water samples tested for TSS analysis (SM 2540 D) were dried at
103-105 °C before measurements. For DOC (SM 5310 C), Nitrates, and Phosphates tests,
HACH DR1900 portable spectrophotometer was used. A 5-day BOD test (SM 5210 B) was
conducted on the water samples. The argentometric method was performed for Chlorides
tests (SM 4500 Cl1-B). Gravimetry (n-Hexane extraction) was performed for oil and grease
measurements (SM5520 B).

All physico-chemical measurements were evaluated based on the DENR Adminis-
trative Order No. 2016-08 water quality guidelines and general effluents standards on
water and wastewater samples. It also provides guidelines for the classification of water
bodies in the Philippines. Freshwater systems are classified based on water bodies and
usage. Class AA (or Public Water Supply Class I) is intended primarily for water having
watersheds, and protected areas. Class A (or Public Water Supply II) is intended as a source
of water supply requiring conventional treatment. Class B (or Recreational Water Class I)
is intended for primary contact recreation. Class C is used for fishery water, recreational
water activities, agriculture, irrigation, and livestock watering. Class D is intended for
navigable waters [11].

2.4. Absorbance Measurements

The samples were filtered using 0.45 pm microfiber filter paper and were stored
in an icebox with an initial temperature of 10 °C. One (1) mL of water sample was col-
lected and transferred into three 10 mm UV-vis cuvette using a micropipette. Absorbance
measurements were conducted in the Molecular Science Unit laboratory, De La Salle
University-Manila using Genesis 10 uv Thermo Spectronic (Waltham, MA, USA) set-up.

Absorption coefficient (or absorbance) is the absorbance converted to Napierian form
(In10) and normalized by the cell length [48]. It is the most common parameter used in
the field of environmental sciences [49,50], and engineered systems [51,52]. It has been
commonly used to quantify the concentration of DOM [53-55]. Absorbance at specific
wavelengths has been widely suggested to represent or predict DOC concentrations. These
absorption values and DOC concentrations are reported to have high correlation in natural
waters such as lakes [22,56], rivers [22,57], estuaries [54,58,59], and ocean systems [23,60].

Absorption Ratios

Absorption ratios are defined as the ratios of absorption at two different wavelengths.
These ratios are used to probe the sources and chemical composition of DOM. Instead of
using concentrations in analyzing DOM, we use ratios to reflect its quality. Table 4 shows
the absorbance ratios used in DOM analyses for SR and CR samples. The absorption ratio.
A250/363 has been used to indicate the molecular sizes and weight of DOM [28,61].

Table 4. Absorbance ratio used in interpreting DOM of SR and CR.

Target Characteristics Absorbance Ratio Possible Sources
Molecular weight A250/363 Lake
DOM sources A254/436 Estuary/River
DOM sources A280/665 Humic acid from lake sediments
Humification A300/400 Soil humic and soil fulvic acids; Lake

Sources of DOM can also be derived through absorption ratios. DOM sources vary
in their absorption ratio such as A254/436 for estuarine/seawater environment [34], and
A280/A665 for humic acids from lake sediments [35]. From the different characteristics of
absorbance ratio, the degree of humification of DOM is also an important part of the analysis.
A300/400 have been employed to indicate the humification degree in soil humic [62], soil
fulvic [31], and lake [24].

Based on the absorption ratios, we could understand the composition of DOM.
A254/436 has been used to indicate lignin degradation [63] and estimate the relative
composition of autochthonous versus terrestrial DOM [34,64].
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2.5. EEM Fluorescence Measurements

From the filtered water samples, one mL was collected using a micropipette and
transferred to 10 mm UV-vis cuvettes. The water samples from the two rivers were
measured using Ocean Optics fluorescence spectroscopy set-up. This was previously used
for the preliminary analysis of water samples from estuarine and lake environments [7,58].
The scanning property of the set-up ranges from 250 to 450 nm for the excitation spectra
(with 5 nm interval), and 300 to 600 nm for the emission spectrum with the same step
increment, and 0.5 s of integration time. To adjust the EEM data, the EEM response of
Milli-Q water served as a blank sample and was subtracted from the sample EEMs. The
fluorescence intensities of the EEMs were normalized, converting arbitrary units to Raman
units (RU) [65].

To quantify the 3D-EEM results, the corrected EEMs were imported to MATLAB
R2020b to measure the indices and intensities found in Table 5. The obtained parameters
are tryptophan-like (Peak T), humic-like (Peak C), and fulvic-like (Peak A) peaks for the
composition of DOM. Indices such as fluorescence index (FI), biological index (BIX), and
humification index (HIX) have been computed to determine the behavior of DOM.

Table 5. Compositions and indices of fluorescence DOM of SR and CR.

Target Characteristics/Index Component Type Excitation (nm) Emission (nm)
T Tryptophan-like 210-250 320-380
A Fulvic acid-like 210-250 380-550
C Humic acid-like 250-430 380-550
FI To differentiate DOM sources 370 470/520
Endogenous sources/freshly
BIX derived microbial produced 310 380/430
DOM
HIX Degree of humification 254 (435-480) + (380-550)

The maximum peak at the excitation region of 210 to 250 nm and emission region of
320 to 380 nm is the Tryptophan-like value. These tryptophan-like fluorescence components
are protein-like substances, which may be derived from human activities [66,67]. Another
important peak is the humic-like peak derived from the excitation region of 210 to 250 nm
and the emission region of 380 to 550 nm. Also, the fulvic acid-like component of DOM
is collected from the excitation region of 250 to 430 nm and the emission region of 380 to
550 nm. These humic and fulvic acids can be derived from the organic matter originating
from microbial activity [67]. FI value was measured by computing the ratio between the
emission wavelengths at 470 nm and 520 nm at the excitation wavelength of 370 nm. It
differentiates DOM sources as terrestrially derived or microbially derived sources [68].
The BIX value is the fluorescence emission intensity ratio at 380 nm and 430 nm with an
excitation wavelength of 310 nm [20]. The HIX value is the fluorescence emission ratio of
the integral area at regions 435 to 480 nm and 300 to 345 nm at an excitation wavelength of
254 nm [69]. The HIX value is important in analyzing the degrees of humification at the
two rivers.

2.6. Statistical Analyses

The variations in physico-chemical parameters across the sampling stations (spatial)
and months were analyzed using a one-way analysis of variance (ANOVA). Only the
complete data from all sampling stations in four months were used for further analyses.
Pearson correlations were used to correlate between physico-chemical, absorbance, and
fluorescence measurements.
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3. Results
3.1. Physico-Chemical Properties of River Water

Physico-chemical measurements are summarized for Sta. Rosa and Cabuyao rivers in
Table 6. The mean water temperature in November 2019 is 28.95 °C for SR and 28.68 °C for
CR. Lower than 1.05 °C was recorded for December 2019 for SR and a decrease of 0.1 °C for
CR was observed. For January 2020, SR recorded a water temperature of 28.58 °C while CR
is at 28.20 °C. No significant change was recorded for February 2020 with a temperature of
28.33 °C for SR while 27.95 °C for CR. The pH value for all sampling stations are relatively
stable and within the pH range set by the standard. DO values were observed to be below
the minimum standard for Type C waters. All DO values for the sampling months of
November 2019, January, and February 2020 are below hypoxic levels. Wastes from sewage,
human and animal, and biodegradable products may consume the dissolved oxygen in
river systems causing low values as observed [70]. The EC values for all SR and CR stations
are similar during the same sampling period from November 2019 to February 2020.

Table 6. Water quality parameters measured in SR and CR.

Sampling Stations p Value
Sta Rosa River Cabuyao River Convolution of SR and CR
Parameters Acceptable Range by Y; Spatial Monthly
DENR [12] SRU1 SRM2 SRD3 CRU1 CRD2 SCRC1 SCRC2
Temperature Mean 2770 2898  28.65  28.67 28.03 2791 27.88
) 25-31 SD 089 048 047 0.23 0.39 0.26 0.54 0.3423 0.1446
Mean 834 706 778 7.50 7.81 7.65 7.84
pH 6.5-9.0 SD 217 069 046 026 0.60 027 0.46 06810 0.0682
Mean 158 384 016 2.03 1.33 0.36 0.13
DO (mg/L) 5 SD 249 045 001 117 0.81 013 0.01 0.2650 0.8381 ¢
Mean 125 093 094 1.00 0.74 0.96 1.06
EC (mS/cm) - SD 013 032 035 0.22 018 0.24 0.09 02326 02972
Mean 1267 59 3125 733 9.25 15.00 13.00
TSS (mg/L) 80 SD 602 5798 1946 125 334 7.84 3.39 0.6062 0.4254
Nitrates (mg/L) 7 B 004 To6 03 oo 0% 012 013 06741 0.0005°
Mean 172 124 263 1.89 1.91 2.09 175 .
TP (mg/L) - SD 008 023 057 0.16 0.63 0.55 021 0.0002%  0.05828
Chlorides 250 Mean 11450 7867 7700  48.00 4267 71.00 66.33 i ]
(mg/L) SD 1550 5285 1711  23.00 25.20 33.74 48.60
0il and Grease Mean 143 138 243 0.82 114 150 127 .
(mg/L) 2 SD 038 034 115 0.34 0.28 0.36 0.41 0.0399 0.7191
Mean 5100 3025 6675  20.67 9.00 30.50 63.75 .
BOD (mg/L) 7 SD 1061 1608 3330  13.02 430 21.59 26.04 0.0106 0.3442
Mean 3933 3467 3067  19.67 18.67 2867 1033
DOC (mg/L) - SD 754 170 403 6.65 125 3.86 1126 0.0004 -

__Statistically significant at p < 0.01; °>—Statistically significant at p < 0.05; “—Statistically significant at p < 0.10.

TSS measurements were below the standard value set except for the SRM2 sampling
station where its value is 156 mg/L for November 2019. Nitrate concentrations were all
below 2 mg/L which is considered the usual concentration for surface water samples [11].
TP concentrations were higher than 1 mg/L, which is above the minimum value for surface
water samples. Chloride measurements for SR and CR sampling stations range from 6 to
296 mg/L.

All sampling stations are within the acceptable range except for SRU1 which recorded
a value of 296 mg/L for November 2019. SRD3 sampling station showed high values for oil
and grease measurements specifically for February 2020. BODs concentrations are higher
than the maximum concentration of 7 mg/L set by DENR-DAO 2016-08 for type C waters.
River water samples above the standard set are considered heavily polluted. High DOC
concentrations above 5 mg/L were measured from December 2019 to February 2020 in all
sampling stations. The high production of organic carbon shows the presence of organic
matter in all water samples.

Monthly and spatial variations in TP, Oil and Grease, BOD, DOC, DO, and Nitrates
were observed. Monthly variations are significant in DO (p < 0.10), Nitrates (p < 0.01),
and TP (p < 0.10). Only TP (p < 0.01), Oil and Grease (p < 0.05), BOD (p < 0.05), and DOC
(p < 0.01) showed significant spatial variations.
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3.2. Absorption Ratios of SR and CR

The absorption ratios of the DOM characteristics showed temporal changes in the
two rivers and differences among all sampling stations are shown in Figure 2. No data
were collected for SRU1 and CRU1 sampling stations for November 2019 due to local
repairs in the area. DOM sources at A254 /436 and A254/436 for estuary /rivers and lakes,
respectively, showed a trend from upstream to downstream. In the downstream sampling
locations, absorbance ratios during November 2019 and December 2019 are higher in CR
than in SR. Lower values of absorbance ratios were observed in January 2020 for SR and
CR sampling stations. For February 2020, increasing values of DOM sources were observed
from upstream to downstream of SR while decreasing ratios for CR. All absorbance ratios
range from 0.7 to 7.9.

12 12
[November 2019] [December 2019
10 10
g e
S Ss
2 P
B =
9] O
P
Ze Z
§ =
1
3« g
a =
-«
2
0
sm 1 SRM2 SRD3 CRUL _ CRD SCRC1 SCRC2 SRU1 SRM2 SRD3 CRUL i
Sla Rosa River (‘nbu\nn River ( onvolution Sta Rosa River Cabuyao Ri\er ( onvolution
of SR and CR of SR and CR
SAMPLING STATION SAMPLING STATION
B Molecular weight M DOM Sources (Lake) @ DOM Sources B Humification B Molecular weight B DOM Sources (Lake) @ DOM Sources B Humification
(River/Estuary) (River/Estuary)
(a) (b)
12 12
[January 2020] [February 2020]
10 10
< 8
2 2
g =
% 6 % 6
3 ¢ 4
b b ‘
SRl 1 SRM2 SRD3 CRUL  CRD2 SCRC1 SCRC2 SRUI SRM2 SRD3 CRU1  CRD SCRC1 SCRC2
Sla Rosa River Cabuyao River Convolution Sta Rosa River Cabuyao River Convolution
of SR and CR of SR and CR
SAMPLING STATION SAMPLING STATION
I Molecular weight B DOM Sources (Lake) B DOM Sources W Humification [ Molecular weight Bl DOM Sources (Lake) B DOM Sources B Humification
(River/Estuary) (River/Estuary)
(c) (d)

Figure 2. Distribution of absorbance ratio in SR and CR. The absorbance ratios used for the analysis
are as follows: (1) Molecular weight at A250/363, (2) DOM sources at A254 /436, (3) DOM sources
at A250/665, and (4) Humification at A300/400. These measurements were conducted for all
sampling stations in the month of (a) November 2019, (b) December 2019, (c) January 2020, and (d)
February 2020.

Absorbance ratio distributions of molecular weight, DOM sources, and humification
are shown in Figure 3. Molecular weight at A250/363 ranges from 1.93 to 2.65 (Mean:
2.32, SD: 0.22). Measured values at A250/363 showed the presence of organic matter in
the water samples. It indicates a probable mixture of autochthonous sources from the
biological activity and allochthonous sources of organic matter in river systems. Molecular
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weight values observed in both SR and CR are low compared to the standard range which
indicates anthropogenic allochthonous sources of DOM [28,61].

6

N

Absorbance ratio
w

A300/400 A280/665 A254/436 A250/363

[ Molecular weight (A250/363) [ DOM Sources (A254/436)
Humification (A300/400) E DOM Sources (A280/665)

Figure 3. Box and Whisker plot of the absorbance ratios for molecular weight (A340/254), humifica-
tion (A300/400), DOM sources (A254/436), and DOM sources (A280/665).

Variance in DOM sources are measured at A254/436 (Mean: 3.56, SD: 0.43), and
A280/665 (Mean: 4.49, SD: 0.89). DOM sources at A254/436 and A280/665 range from 2.94
to 4.36, and 3.34 to 6.03, respectively. These values are common for terrestrial /allochthonous
DOM, which has a greater aromatic carbon content associated with humic-like substances
derived from plant and soil organic matter [34].

3.3. Fluorescence Peaks in SR and CR

The overall volume of the DOM components showed changes in SR and CR as shown
in Figure 4. The DOM components were high in January 2020 and February 2020 and low
in November 2019 and December 2019. In the SR, the DOM values follow an increasing
trend (from upstream to downstream) from December 2019 to February 2020. For CR, the
same increasing trend from upstream to downstream was observed for December 2019 and
January 2020, however, a decreasing trend was observed for February 2020. The low value
in the CRU1 sampling station in December 2019 is due to the dilution of water samples
caused by the localized rains in the area.

The temporal variation of the two rivers was relatively stable based on the three
components of DOM measured during the dry season (Figure 5). The orders of the pro-
portions of the DOM components were as follows: Peak T < Peak A < Peak C. All water
samples showed low values of peak T, which is commonly known as the tryptophan-like
component of the DOM. These protein-like components are likely derived from a mixture
of dissolved amino acids and other organic materials. This was related to elevated river
water levels due to stormwater runoff discharge into rivers and the resulting dilution effect
in summer to some extent. The tryptophan-like components of DOM are relatively low
during summer (dry season) compared to the rest of the months due to the degradation of
phytoplankton [71].
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Figure 4. Distributions of DOM components in SR and CR. DOM components such as Tryptophan-
like (T), humic acid-like (C), and fulvic acid-like (A) were measured for all sampling stations in the
month of (a) November 2019, (b) December 2019, (c) January 2020, and (d) February 2020.

2.5

=
th

Absorbance ratio
[y

&
tn

Peak T Peak A Peak C
[ Tryptophan-like (Peak T) [Fulvic acid-like (Peak A)
[ Humic acid-like (Peak C)

Figure 5. Box and whisker plot of fluorescence peaks such as tryptophan-like, fulvic acid-like, and
humic acid-like substances.
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Tryptophan-like components of fluorescence DOM have a mean of 0.24 & 0.095. The
dominant component in all water samples is Peak C (Mean: 1.68, SD: 0.49), which is
commonly known as the humic-like component of the DOM. The high intensity of humic-
like components confirms the possible sources from sewage and domestic effluents. The
contribution of labile organic matter and the presence of humic compounds varies from
November 2019 to February 2020.

3.4. Fluorescence Indices of SR and CR

Indices were used to further understand the sources of DOM in SR and CR. FI lower
than 1.4 indicates a terrestrial source derived from human activities, commercial and
industrial water, and or agricultural run-off. On the other hand, FI higher than 1.9 is most
likely to be derived from microorganisms and phytoplankton. The region of FI between

1.4 and 1.9 is usually considered a mixture of terrestrial and microbial-derived sources of
DOM (Figure 6).

TERRESTRIAL MIXTURE
5
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E \ == ‘\»_\_\\; M
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¢+ Sta Rosa River

Figure 6. Index distributions of FI vs. HIX from November 2019 to February 2020 in SR and CR.

FI values from November 2019 showed the lowest values among all samples. They
range from 0.40 to 0.89. In December 2019, the FI values range from 0.89 to 1.01. All samples
collected from November 2019 and December 2019 were terrestrially derived DOM sources.
In January 2020 and February 2020, they range from 1.31 to 1.69 which shows a mixture
of terrestrially and microbially derived DOM in SR and CR. HIX values observed in all
samples range from 1.81 to 4.5. HIX values higher than 10 denote a strong humification
that may be derived from terrestrial sources. BIX values as stated in Table 5 explain the
endogenous sources from DOM. This measures the freshly microbial-derived DOM in all
water samples from November 2019 to February 2020. BIX values higher than 0.8 indicate
that the DOM sources are endogenous (Figure 7). In November 2019 and December 2019,
BIX values are lower than 0.8 in both SR and CR. However, for January 2020 and February
2020, it ranges from 1 to 1.09. There is no significant difference between SR and CR in these
sampling months. It can be noted that from the BIX, an increasing trend was observed as
the season changes from dry to wet.
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Figure 7. Index distributions of BIX vs. HIX from November 2019 to February 2020.

These peaks are usually associated with humic substances and vary in its source
and molecular size (Figure 8). High aromaticity and molecular size were observed in
all downstream sampling stations based on the absorbance ratio at A250/363 which is
supported by the high values of Peak C and Peak A (Figure 4).
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Figure 8. Scatter plot of Molecular weight vs. humification in SR and CR.

A strong correlation between C:T and A:T ratios [72] was presented in Table 7 to
describe the relative amount of humic-like DOM versus fresh-like DOM. Using these ratios,
we can infer those higher values indicate a higher proportion of degraded material [72]. Low
values in December 2019 for all sampling stations were measured due to stormwater run-off
before sampling. For the two rivers, the degree of humification and DOM composition are
highly influenced by the surrounding land use (Table 1).
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Table 7. Mean fluorescence peak ratio of C: T and A: T in SR and CR.

Sampling Stations p Value
Sta. Rosa River Cabuyao River Convolution of SR and CR A
Ratio Spatial Monthly
SRU1 SRM2 SRD3 CRU1 CRD2 SCRC1 SCRC2
Humic-like:
T 6.83 4.79 6.55 4.82 12.2 5.55 11.36 b

Trypt(()g.}}fa)n like Mean SD 261 228 358 3.63 758 0.94 530 0.0768 0.3133

Fulvic-like:

: 1.73 1.02 1.12 3.63 3.012 1.22 2.68

Tryptophan-like Mean SD 0.84 0.34 0.25 0.48 161 031 168 0.0109 * 0.6350

(A:T)

a__Gtatistically significant at p < 0.05; P—Statistically significant at p < 0.10.

Spatial correlations were observed for both C: T (p < 0.10) and A: T (p < 0.05). No
significant monthly variations were observed.

4. Discussion

Several factors, such as hydrological, climatic, physico-chemical, and biological may
affect the temporal and spatial dynamics of nutrients in rivers and lakes. Water temperature
and pH values found in Table 6 are similar to LLDA 2019-2020 [73]. DO values measured
in this study are also smaller. Reports on the EC values showed the effects of Laguna Lake
on the convolution of the two rivers and the downstream area. Nitrates, total phosphorous,
and chlorides in the two rivers show temporal changes. Higher values of nitrates, total
phosphorous, and chlorides were found in SR sampling stations compared to CR sampling
stations. All measured values from nitrates and chlorides were found to be within the
range set by the DENR-DAO 2016-08. However, for the phosphates, only total phosphorous
was measured in this study. Total phosphorous measures all forms of phosphates such as
orthophosphate, condensed phosphate, and organic phosphate [11]. An increasing trend of
total phosphates was observed in CR (from upstream to downstream) which ranges from
0.85 to 2.49. Midstream values in SR samplings stations from November 2019 to January
2020 are lower compared to upstream and downstream values. The dramatic changes in
water quality results were caused by the changes in climatological parameters such as
typhoons, ash flow, and rainfall. These factors showed a great relationship between water
quality and seasonal impact.

To understand behaviors of organic matter in SR and CR, DOM was analyzed based
on its compositions and sources. It was found that the DOM measured in SR and CR are
terrestrially derived compounds during the dry season. Peaks A and C which are humic-
like substances are derived from the decay and degradation of plant residues and organic
wastes. Protein-like components such as Peak T (commonly known as tryptophan-like) in
DOM compositions were utilized to trace endogenous and terrestrial DOM. In Figure 4,
Peak T measurements are low during the dry season. This is associated with hydrologic
characteristics of Laguna that feature tidal effects. Due to the tidal force, the river water in
this study comes from Laguna Lake, which is closer to the downstream portion of the two
rivers. The development of infrastructures and conversion of agricultural to commercial-
industrial-residential sites near SR sampling stations can cause these variances. From these
results, we can use these peaks as an ideal mark for wastewater and urban water with
climatic changes during the dry-weather season. It can also explain the difference in quality
and quantity of DOM components between SR and CR due to their different land uses and
the effects of the dry season.

The indices such as FI, HIX, and BIX clearly showed the properties and sources of
DOM [74-76]. The mean range of FI values in November 2019 and December 2019 were
0.70 and 0.93, respectively. This means that the river water samples are all terrestrial DOM,
affected by the seasonal change (Figure 6). In January 2020 and February 2020, the mean FI
values are 1.47 and 1.48, respectively, which are close enough to the limit of 1.4. These FI
values explain the mixture of endogenous and terrestrial DOM in the two rivers. This is
consistent with the temporal values of DOM components such as humic-like, and protein-
like substances found in January 2020 and February 2020. The increasing values of FI from
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November 2019 to February 2020 show the behavior of DOM from terrestrial to endogenous
sources, like season changes (Figure 6). The mean HIX values of November 2019, December
2019, January 2020, and February 2020 are 1.83, 2.1, 3.6, and 4.2, respectively. This indicates
low humification values common during the dry season. The low humification in the
two rivers is due to the changing land use in the Santa Rosa River basin. In the upstream
of SR, a renovation around the sampling station caused the irregular values as observed
(Figure 1, Tables 1 and 2) as well as the increased amount of microbial byproducts, such
as humic substances, degraded by microorganisms [77,78]. The BIX values in November
2019 and December 2019 were lower compared to January 2020 and February 2020. BIX
values in November 2019 and December 2019 are lower than 0.8 which indicates terrestrial
DOM. On the other hand, BIX values in January 2020 and February 2020 are higher than
0.8 which indicates the presence of endogenous DOM. These infer that the high FI values
in these months have a small degree of humic substances. This may lead to an increase in
the microorganisms such as phytoplankton production as the season changes from dry to
wet [19,39].

The Santa Rosa watershed, where SR and CR are located, is important in flood control
and a good source of water for human activities. However, reports showed poor water
quality measurements in the Laguna rivers. There have been activities and programs which
aim to promote and maintain cleanliness in the river systems and their tributaries. The
various sources of organic pollution in rivers such as sewage, domestic and industrial
effluents, and urban and agricultural run-off results in variances in absorbance ratios and
fluorescence peaks. In this study, we were able to provide a preliminary analysis of the
effects of river flow, climatic, and seasonal changes in the DOM composition and sources in
river water samples. In summary, we were unable to quantify the effects of land use on
the DOM in rivers, but we were able to describe the variations in DOM as provided in this
study. The surrounding land use with the season variances can highlight the changes of
loading impact on the rivers and tributaries. This study also promotes urgent action in
describing DOM in rivers as the land-use change with time.

5. Conclusions

Santa Rosa watershed has been adapting to urbanization and industrialization which
has seen an increase in population growth, intensive land development, and land-use
changes. These changes have reduced its natural ability to retain water and hold rainfall
during the wet season. The Santa Rosa and Cabuyao rivers are two of the major rivers
located in the basin. Due to climate change and land-use changes, water quality analyses
are reported regularly by LLDA. With the poor water quality results, this study aims
to further understand the organic matter composition in the two rivers with the aid of
absorbance and fluorescence measurements. The qualities and quantities of DOM in the
SR and CR were analyzed using absorbance ratios and peaks from EEM fluorescence data.
The absorbance ratios showed variance in the DOM sources and molecular weight at
280/665 and A250/363, respectively. The overall fluorescence peaks showed an increasing
trend from upstream to downstream of SR and CR from November 2019 to February 2020.
Tryptophan-like and humic-like characteristics downstream of SR were higher than in CR.
These showed an order of DOM components in the two rivers: Tryptophan-like (Peak T)
< Fulvic acid-like (Peak A) < Humic acid-like (Peak C). The variance in local climate and
unexpected natural events showed a shift from terrestrial DOM to endogenous DOM, thus,
changing the DOM compositions. It was observed that the sources of DOM change with
land use and natural events such as rainfall, ashfall, and tidal effects. Sewage impacts from
informal settlers and subdivisions, and sources from different activities such as industrial,
and commercial effluents may cause variance in DOM composition. This paper, in general,
provides a good reference on the quality and quantity of DOM as a water quality indicator
and an assessment for future anthropogenic changes in rivers under natural conditions.
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